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Two experiments explored learning about the relation be- 
tween an unconditioned stimulus (US) and the context in 
which that US was delivered in Aplysia californica. Subjects 
were exposed to 2 different contexts. They received a series 
of moderate electric shock USs in one context but not in the 
other. Experiment 1 revealed that the context-shock pair- 
ings were sufficient to establish an association between that 
context and the shock. That association was demonstrated 
by the ability of the reinforced context to enhance a defen- 
sive reflex and to reduce learning about a conditioned stim- 
ulus (CS) that was subsequently paired with the shock US. 
Experiment 2 provided evidence that the context-US as- 
sociation could be extinguished by simple nonreinforced ex- 
posure to the reinforced context. These results show that 
context conditioning is not unique to vertebrate learning. We 
argue that this learning is difficult to accommodate within 
current contiguity-based neuronal models of learning. 

Experimental investigations of the associative capacities of in- 
vertebrates have tended to focus on learning yielded by pairings 
of conditioned (CS) and unconditioned stimuli (US), so-called 
Pavlovian conditioning (e.g., Quinn et al., 1974; Couvillon and 
Bitterman, 1980, 1982; Carew et al., 1981, 1983; Sahley et al., 
198 1; Walters et al., 198 1; Alkon, 1983; Bitterman et al., 1983). 
Relatively little attention, however, has been given to learning 
about the environmental context in which those CS-US pairings 
take place. This neglect is somewhat surprising for 2 reasons. 
First, abundant evidence has accumulated that both birds and 
mammals can learn about the relations obtaining between con- 
texts and a variety of events, including both CSs and USs, that 
are embedded within those contexts (e.g., Balsam and Schwartz, 
198 1; Marlin, 1982; Rescorla, 1984; Rescorla et al., 1984). Sec- 
ond, modem theories of Pavlovian conditioning have increas- 
ingly acknowledged an important role for contextual stimuli 
(e.g., Rescorla and Wagner, 1972; Gibbon and Balsam, 198 1; 
Wagner, 198 1; Miller and Schachtman, 1984). Indeed, several 
complex learning phenomena are thought to depend on the 
development of associations between the contextual stimuli and 
the events that occur in their presence. 

The observation that vertebrate learning is exquisitely sen- 
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sitive to the actual contingency between the CS and the US 
frequently receives explanation in terms ofcontext conditioning. 
It has been well documented that simply arranging CS-US con- 
tiguities is not by itself sufficient to produce conditioning of that 
CS. Rather, in order for such learning to occur, the CS must be 
predictive of the occurrence of the US. In other words, there 
has to be a positive contingency between the CS and the US. 
Thus, pairings of a CS and a US will be less effective if the US 
is also scheduled to occur in the absence of that CS (e.g., Res- 
corla, 1968; Dweck and Wagner, 1970; Gamzu and Williams, 
1973). One explanation for the finding that conditioning of the 
CS is reduced by degrading the CS-US contingency is that the 
USs occurring without the CS condition the contextual stimuli. 
Because those contextual stimuli are present on the occasions 
that the CS is paired with the US, the US is predicted by the 
context and therefore rendered less effective as a reinforcer for 
the CS. The ability of one signal to prevent learning about another 
because of its own association with the US is called blocking 
(Kamin, 1968, 1969). This phenomenon has been taken as evi- 
dence that for learning to occur, the CS must provide infor- 
mation about the occurrence of the US that is otherwise un- 
available. That idea has been extremely influential in shaping 
modem theories of Pavlovian conditioning (Rescorla and Wag- 
ner, 1972; Mackintosh, 1975). 

Not only have contextual associations been invoked to ac- 
count for sensitivity to the CS-US contingency, but they have 
also been invoked to explain the detrimental effects of CS and 
US preexposure on subsequent conditioning involving those 
events. Given the theoretical importance that has been attached 
to contextual conditioning, it seems natural to ask whether in- 
vertebrates are also capable of forming similar associations. 
Furthermore, it would seem especially valuable to demonstrate 
such learning in those preparations that have been used for 
neurophysiological analyses of learning. Clearly, their virtue as 
model systems for vertebrate learning would be enhanced by 
further demonstrations of similarities between their learning 
repertoires and those of vertebrates, whose own nervous systems 
are less amenable to neurophysiological analysis. Several in- 
vertebrate systems have yielded favorably to a neuronal analysis 
of learning, including, for example, Aplysia and Hermissenda 
(e.g., Quinn, 1984; Farley and Alkon, 1985; Byrne, 1987). The 
experiments described in this paper focus on one of these in- 
vertebrates, the marine mollusc Aplysia californica, for which 
a promising start has already been made in the biochemical and 
neurophysiological investigation of Pavlovian conditioning (e.g., 
Hawkins et al., 1983; Clark, 1984). 

The 2 studies reported here examine whether Aplysia cali- 
fornica could form associations between a conventional US and 
the context in which that US was presented. Experiment 1 dem- 
onstrated that such associations could be acquired. Experiment 
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2 revealed that these context-US associations can also be ex- 
tinguished by simple nonreinforced exposure to the context after 
conditioning. 

Experiment 1 
The purpose of this experiment was to determine whether an 
invertebrate, Aplysia californica, could learn about the relation 
obtaining between an aversive US and the context in which that 
US occurred. To this end, subjects were exposed daily to 2 very 
different contexts. One context was a smooth, round bowl con- 
taining lemon-flavored seawater. The other was a rectangular 
chamber with a ridged surface containing unscented seawater 
that was gently vibrated by an aerator located in one comer. 
Each subject received several moderate electric shocks applied 
to its mantle shelf in one context but not in the other. The extent 
to which this treatment was successful in conditioning the con- 
text was assessed in 2 ways: first, by the degree to which the 
reinforced context influenced a defensive reaction; and second, 
by its ability to interfere with learning about a discrete, punctate 
CS paired with a US. 

One strategy that has been used to reveal associations between 
a context and aversive USs in rats has been to measure behaviors 
associated with fear, such as the suppression of appetitively 
motivated responses (Dweck and Wagner, 1970; Randich and 
LoLordo, 1979a, b; Baker et al., 198 1). The general idea is that 
the incidence of such behaviors should be elevated in an en- 
vironment that has a history of pairings with the aversive events. 
For the present purposes, we decided to measure the duration 
of siphon withdrawal in response to the application of a mild 
tactile stimulus to the siphon. Elsewhere, it has been established 
that withdrawal of the siphon is one component of Aplysias 
defensive withdrawal reflex elicited by noxious stimuli (Pinsker 
et al., 1970). It was anticipated that the duration of siphon 
withdrawal in response to the stimulation should be enhanced 
in the context that had been paired with shock compared with 
the nonreinforced context. This technique has been used to 
reveal associations between Pavlovian CSs and aversive USs in 
both rats (Brown et al., 195 1) and Aplysia (Walters et al., 1981). 

The second assessment procedure exploited another finding 
that has been well established in vertebrates: Pairings of a CS 
and a US are less effective when delivered in a context that has 
previously been associated with that US (Tomie, 1976, 198 1; 
Randich and LoLordo, 1979b; Baker and Mercier, 1982; Res- 
corla et al., 1984). Thus, all subjects were given a series of 
conditioning trials in which a tactile CS delivered to the siphon 
signaled the presentation of a shock US to the mantle shelf. For 
half the animals, these conditioning trials took place in the 
context that had previously been paired with that shock US; for 
the remaining animals, those pairings were presented in the 
nonreinforced context. In order to obtain a measure of CS-US 
learning that was uncontaminated by potential differences in the 
effects of the 2 contexts on performance to that CS, subjects 
were tested in a common third environment, the home tank. It 
was predicted that conditioning to the CS, as indexed by the 
duration of siphon withdrawal elicited by that CS, would be 
better if the CS-US pairings occurred in the nonreinforced con- 
text. 

Materials and methods 
Subjects. The subjects were 16 experimentally naive Aplysia californica 
obtained from Sea Life Supply (Sand City, CA). One animal died during 
the course of the experiment, and its data were therefore eliminated. 

Subjects were housed in individual perforated pans (20 x 20 x 10 cm) 
that floated freely in a 200 gallon capacity tank of filtered and aerated 
artificial seawater (Instant Ocean) kept between 15 and 16°C. The sub- 
jects weighed approximately 125 gm at the start of the study and were 
maintained on a diet of laver (dried seaweed). They were fed daily about 
an hour after the completion of experimental procedures. Uneaten food 
was removed the next morning before the start of any experimental 
procedures. One week prior to the start of the experiment, the animals 
were anesthetized by immersion in icy (l-3%) salt-water, and their 
parapodia were excised in order to provide an unobstructed view of 
and access to the siphon and mantle shelf. 

Apparatus. Two discriminably different contexts were used. One con- 
text, Context A, consisted of a smooth, round, white plastic bowl con- 
taining a mixture of 200 ml of artificial seawater (Instant Ocean) and 1 
ml of Durkee brand lemon extract. The other context. Context B, was 
a dark gray, rectangular chamber measuring 18.5 x 13 x 9.5 cm filled 
with artificial seawater (Instant Ocean). Its surface consisted of a series 
of narrow ridges about 0.3 cm wide, spaced 0.3 cm apart. An aerator 
was mounted in one comer to provide a localized source of mild tur- 
bulence and to increase the oxygen content of the seawater. 

The tactile stimulus used to stimulate the siphon in both assessment 
tests was a 14.5-cm-long wooden cocktail stick tapered to a fine point. 
The tapered end was inserted manually into the funnel of the siphon, 
and the tip was drawn gently but swiftly along about 1 cm of the siphon 
skin. The US was an 80 mA, 60 Hz AC shock delivered through capillary 
electrodes that were applied manually to the surface of the mantle shelf. 

Procedure. Each subject was exposed for 20 min dailv to each of the 
2 contexts. The 2 exposures were separated by an interval of at least 5 
hr, and the order of exposure to the 2 contexts was balanced. In one of 
the contexts, subjects received 4 shock USs per day for 8 d. The shocks 
were distributed randomly both within and across sessions. In the other 
context, there were no programmed events. For half the subjects, Con- 
text A served as the reinforced context and Context B as the nonrein- 
forced context; for the remaining subjects, this arrangement was re- 
versed. On the first day of conditioning, all subjects inked profusely in 
response to the first shock US. Because ofreduced visibility, each subject 
was transferred to an identical but uncontaminated context. The amount 
of ink released in subsequent conditioning sessions was sufficiently small 
that it was not necessary to move the animals. 

Twenty-four hours after completion of the differential conditioning 
treatment, the associative value of the contexts was assessed through 
their impact on the duration of a defensive reflex. An experimenter 
blind to the conditioning histories of the animals applied the tactile 
stimulus to the siphon in both contexts and measured the time from 
onset of siphon stimulation to complete relaxation of the siphon. To 
reduce any disruptive effects of recent handling on the siohon withdrawal 
reflex, the test was administered no sooner than 2 min after the subjects 
had been placed in the context. The test session terminated after 20 
min, and the subjects were returned to their home tank. All subjects 
were tested first in Context A and then, 5 hr later, in Context B. Thus, 
half the subjects received their first test in the context in which shocks 
had occurred, and half received their first test in the nonreinforced 
context. In order to preserve the experimental blind, no shocks were 
delivered during the test sessions. 

Investigation of the effect of contextual conditioning on CS-US leam- 
ing began the following day. First, all subjects were tested for their 
reaction to stimulation of the siphon with the tactile CS in their home 
tank. An experimenter measured the time from application of the tactile 
stimulus to complete relaxation of the siphon. These oretest scores were 
used to divide the animals into 2 matched groups balanced with respect 
to identity of the reinforced context. Each group received two 20 min 
conditioning sessions in one context. For one group of animals (n = 7), 
the conditioning trials occurred in the context meviouslv paired with 
shock, for the other group (n = 8), the conditioning trials were given in 
the nonreinforced context. The conditioning sessions were soaced 24 
hr apart, and each contained 4 CS-US pairings with a variable\ntertrial 
interval. Both the CS and the US were administered by hand with an 
interstimulus interval of approximately 0.5 sec. The experimenter who 
gave the conditioning trials did not know which animal belonged to 
which group. In order to obtain a measure of the effect of context value 
on learning uncontaminated by its effect on performance, all subjects 
were tested 24 hr later in their home tank. An experimenter blind to 
the treatment of the animals administered one nonreinforced presen- 
tation of the tactile CS to each subject and measured the duration of 
siphon withdrawal. 
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Figure 1. Experiment 1. Median duration of siphon withdrawal in 
response to mild tactile siphon stimulation in a context that had either 
been paired with shock (open bar) or not (striped bar). 

Results and discussion 

Figure 1 shows the median duration of siphon withdrawal in 
the reinforced and nonreinforced contexts obtained during the 
initial test sessions. It is clear that withdrawal was prolonged in 
the context previously paired with the shock US compared with 
the nonshocked context [Wilcoxon T (15) = 13, p < 0.0 11. That 
outcome is consistent with the view that the animals had learned 
in which context shocks were scheduled to occur. 

Figure 2 displays the results obtained during the nonrein- 
forced presentations of the tactile CS given in the home tank 
before (pretest) and after (posttest) CS-US conditioning. The 
pair of bars on the left shows the median duration of siphon 
withdrawal prior to conditioning. Although the duration of si- 
phon withdrawal was slightly longer in the group that was to be 
conditioned in the nonreinforced context, the difference was not 
significant. The pair of bars on the right shows the results of the 
postconditioning test. For both groups, responding to the CS 
increased. That increase was significant for the group condi- 
tioned in the nonreinforced context [T (8) = 0, p < 0.011 but 
not for the group conditioned in the reinforced context; more- 
over, that increase was of a considerably greater magnitude in 
the group conditioned in the nonreinforced context [Mann- 
Whitney U (7,s) = 12.5, p < 0.05, l-tailed]. Despite the sub- 
stantial variability across animals in duration of siphon with- 
drawal that makes this kind of between-subjects comparison 
inherently less sensitive than the within-subjects analyses used 
elsewhere in this study, there is a clear suggestion that the initial 
pairings of a context with shock established a context-shock 
association which then interfered with learning about the CS- 
shock relation. 

This experiment provides 2 pieces of evidence that Aplysia 
can learn about context-US associations. First, subjects dis- 
played a heightened defensive reflex in the context that had a 
history of pairings with shock. The specificity of that enhance- 

Figure 2. Experiment 1. Median duration of siphon withdrawal in 
response to mild tactile siphon stimulation delivered in the home tank. 
Scores are shown separately for the group conditioned in the reinforced 
context (open bars) and the group conditioned in the nonreinforced 
context (striped bun). The pretest scores obtained prior to conditioning 
are displayed on the left and the posttest scores obtained after condi- 
tioning are displayed on the right. 

ment is extremely important because it rules out the possibility 
that the animals were simply sensitized by the shock US. Second, 
learning about a CS-US relation was impaired when that con- 
ditioning took place in the reinforced context. Although the 
magnitude of this effect was statistically rather modest, it is in 
the direction predicted by all current theoretical models of as- 
sociative learning and therefore merits serious consideration. 

It is of special interest to note that this second measure may 
be of theoretical significance because it provides the first sug- 
gestion of blocking in Aplysia. As v.re mentioned previously, 
blocking refers to the finding that conditioning of a CS will be 
less effective if the conditioning trials take place in the presence 
of another well-conditioned stimulus. Because this is one of the 
first demonstrations of blocking in Aplysia, it is important to 
note its limitations. It has several shortcomings shared by most 
vertebrate blocking experiments. First, comparison is made be- 
tween the amounts of conditioning achieved when a CS is paired 
with a US in the presence of 2 stimuli that differ in their 
conditioning history. But it is, in fact, not possible to determine 
whether conditioning of the CS was attenuated by pairing in an 
excitatory context or conditioning of the CS was augmented by 
pairing in the nonreinforced control context. It may be that the 
nonreinforced context, by virtue of its negative relation to the 
US, develops inhibitory properties that promote conditioning 
of the CS. Analogous effects are known to occur in simple Pav- 
lovian conditioning procedures: Both Rescorla (197 1) and Wag- 
ner (197 1) have reported that learning about a CS-US pairing 
is enhanced when that CS was accompanied by an inhibitory 
CS during conditioning. The presence of the inhibitor is thought 
to render the US especially “surprising” and thus promote its 
effectiveness as a reinforcer for the to-be-conditioned stimulus. 
For the present purposes, however, the important conclusion is 
that the 2 contexts differ in their action, thereby indicating suc- 
cessful discriminative conditioning of the contexts. Second, con- 
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ditioning of the CS is inferred from responding in the test en- 
vironment. It is possible that this test environment may be more 
similar to the nonshocked context than to the shocked context 
because it, too, had never been explicitly paired with shock. 
Consequently, it is possible that the conditioned effects of the 
CS transferred to the test environment better from the non- 
reinforced context than from the reinforced context. This dif- 
ficulty is not unique to the present study but is present in almost 
all blocking experiments. 

A difficulty more peculiar to the present experiments arises 
from the fact that the US was administered manually during 
conditioning. Although this was done “blind,” it is possible that 
the animal’s behavior differed in the shocked and nonshocked 
contexts, thereby influencing the actual delivery of the US. Al- 
though we have never observed systematic general behavioral 
differences in shocked and nonshocked contexts, such a possi- 
bility is difficult to rule out. However, even if there were such 
subtle influences on the US delivery, they would in turn depend 
on the animal learning which context contained shock. It is just 
the occurrence of that learning that is the principal conclusion 
of the experiment. Consequently, regardless of whether these 
data demonstrate blocking in the sense that blocking is observed 
in the vertebrate literature, they do imply that the animals learned 
in which context the shock USs were due to occur. 

Experiment 2 

The intention of this experiment was to examine the effects of 
nonreinforced exposure to a context that had previously been 
paired with shock. The typical finding in the vertebrate literature 
is that this type of treatment is successful in extinguishing the 
association between the context and the US (Baker et al., 198 1; 
LoLordo and Randich, 1981; Rescorla et al., 1984). It was of 
interest to ask whether similar results would be obtained with 
Aplysia. Subjects were given a differential conditioning treat- 
ment to 2 contexts: One context was paired with shock, whereas 
the other context was never reinforced. Then, half the animals 
were simply placed in the reinforced context but no shocks were 
delivered. It was anticipated that this treatment would attenuate, 
if not completely abolish, the context-US association. This pre- 
diction was tested using the first, more sensitive within-subjects 
assessment procedure of the previous experiment. The siphon 
was gently stimulated in each of the 2 contexts. The duration 
of siphon withdrawal in response to that stimulation was ex- 
pected to be of a similar magnitude in the 2 contexts. 

Because the extinction treatment itself required a period of 2 
d, we wanted to be sure that if no differential effect were obtained 
it would not be due to the simple passage of time. Although 
retention of associations has been reported in other situations, 
it was not known whether the context-US association would 
survive the interval between training and testing in the present 
case. Thus, to control for any loss due to forgetting, a second 
group of animals was also tested. These animals simply re- 
mained in their home tank during the period of extinction ad- 
ministered to the other animals. It was expected that the dif- 
ferential response would be observed in these animals: Siphon 
withdrawal would be longer in the reinforced than in the non- 
reinforced context. 

Materials and methods 
Subjects and apparatus. Thirty-two experimentally naive Aplysia cali- 
fornica obtained from Sea Life Supply (Sand City, CA) served as sub- 
jects. Details of housing, maintenance, and surgical procedures were as 
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Figure 3. Experiment 2. Median duration siphon withdrawal in the 
context paired with shock (open bars) and in the nonshocked context 
(striped bars) without extinction (left-hand side) and with extinction of 
the reinforced context (right-hand side). 

for Experiment 1. The apparatus was the same as that used in Experi- 
ment 1. 

Procedure. This experiment was run in 2 replications with 16 animals 
in each. The procedure used to establish context-US associations was 
identical to that described for Experiment 1. Differential conditioning, 
however, was continued for a total of 12 d. The identity of the context 
paired with shock was balanced across animals. 

Following completion of context discrimination training, the subjects 
were divided into 2 groups balanced with respect to the identity of the 
reinforced context. One group received two 40 min exposures to the 
previously reinforced context on each of 2 d, once in the morning and 
once in the afternoon. No shocks were administered during this phase 
of the experiment. The other group was left undisturbed in the home 
tank. These control animals were not handled because it seemed difficult 
to guarantee equivalent handling by an experimenter who per force knew 
whether or not the animals’ behavior was to be extinguished. This 
strategy is routinely adopted in vertebrate studies that involve condi- 
tioning manipulations of the context (e.g., Wagner, 1976; Baker and 
Mercier, 1982a; Schachtman et al., 1987). 

The day after the last extinction session, all subjects were tested for 
their reaction to the tactile CS applied to the siphon in each of the 2 
contexts. Again, all animals were first tested in Context A by an exper- 
imenter blind to the experimental treatments of the animals who also 
measured the duration of siphon withdrawal. The test was repeated 5 
hr later in Context B. 

Results and discussion 
The results of the test sessions are shown separately for the 
reinforced and nonreinforced contexts in Figure 3. On the left- 
hand side are shown the median siphon withdrawal scores for 
the group that received no extinction treatment. Siphon with- 
drawal in response to application of the tactile CS was signifi- 
cantly longer in the reinforced context than in the nonreinforced 
context [T (16) = 28, p < 0.051. The data for the group that 
received extinction of the reinforced context are plotted on the 
right-hand side of Figure 3. There was no evidence of differential 
responding to the tactile CS in the 2 contexts [T (16) = 55, p > 
0. lo]. The median difference in siphon duration between the 2 
contexts was 5 1 set in the nonextinguished group and - 20 set 
in the extinguished group. Statistical analysis ofthese differences 
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indicated that the difference in responding in the 2 contexts was 
significantly larger in the nonextinguished than in the extin- 
guished condition [Mann-Whitney U (16,16) = 82, p < 0.05, 
1 -tailed]. 

Two comments should be made about these results. First, the 
differential performance of the nonextinguished group to the 
tactile CS replicates that observed in Experiment 1. Moreover, 
that difference was detected 2 d after the final session of dis- 
crimination training, indicating that context-US learning is quite 
robust. It is not possible in this study to evaluate whether some 
“forgetting” actually occurred. Comparison of the magnitude 
of this difference with that obtained in Experiment 1 is obviously 
precluded by the fact that, for whatever reason, the differences 
are obtained at very different points on the measurement scale. 

The second point of interest is that the results for the extinc- 
tion group indicate that nonreinforced exposure to the rein- 
forced context was sufficient to eliminate the context-US as- 
sociation. This observation is consistent with reports that 
repeated nonreinforced exposure to a CS results in a decline in 
conditioned responding in Aplysia (Carew et al., 1981). How- 
ever, a unique feature of the present study is the inclusion of a 
control for forgetting. The loss in context discrimination that 
we observe can therefore be unequivocally attributed to the 
extinction procedure per se rather than to the simple passage of 
time. 

General Discussion 

Recent work indicates that the range of associative abilities of 
Aplysia calijbrnica is quite broad. There is evidence not only 
for Pavlovian conditioning but also for instrumental learning 
(Hawkins et al., 1985; Cook and Carew, 1986). This paper pro- 
vides a demonstration of another instance ofassociative learning 
in Aplysia, namely, contextual conditioning. Pairings of a shock 
US with one context led to the development of an association 
between that US and the context. That association was revealed 
in 2 ways: first, by an enhanced defensive reflex in the reinforced 
context; and second, by the ability of the reinforced context to 
reduce learning about a CS-US relation. Furthermore, this con- 
text-US learning was observed to be retained for more than 48 
hr. Finally, it was found that the context-US association would 
also undergo extinction. Nonreinforced exposure to the context 
following conditioning was sufficient to eliminate any evidence 
of a context-US association. Apparently, context-US learning 
is not limited to the cognitive repertoire of mammals and birds 
but forms part of the associative abilities of at least one inver- 
tebrate. 

The contexts used in these studies differed on a number of 
stimulus dimensions, including texture, shape, and odor. Un- 
published work in our laboratory indicates that Aplysia can 
discriminate between different surface textures and between dif- 
ferent odors. Walters et al. (198 1) have also shown that che- 
mosensory stimuli can serve as signals for aversive shock in 
Aplysia. Subsequent research, however, will be required to dis- 
cover which features of the present contexts were selected for 
association with the US. It will also be of interest to ask whether 
similar associations can be formed between CSs and the contexts 
in which they occur. 

One potentially important implication of the present findings 
concerns the mechanism by which contingencies are detected 
between events in Pavlovian conditioning. It has been reported 
that additional unsignaled presentations of the US will weaken 
conditioning to a CS paired with that US in Aplysia (Hawkins 

et al., 1986). That observation has been confirmed in our lab- 
oratory. We have already mentioned the account that is usually 
entertained for this effect in vertebrate learning: The additional 
USs condition the context so that it can block learning about 
CSs conditioned in its presence. The fact that such associations 
can be learned by Apfysia raises the intriguing possibility that 
conditioning of the context may also mediate the sensitivity to 
CS-US contingency reported for Apfysia. Until now, it has seemed 
more plausible to ascribe the contingency effects to nonassocia- 
tive processes. Specifically, the effectiveness of the US on con- 
ditioning trials is thought to be reduced because the additional 
presentations of the US lead to habituation of the US (Hawkins 
et al., 1986). Empirical techniques that can be used to separate 
these alternatives have been devised for vertebrates (see Dur- 
lath, 1983). 

Finally, it is worth commenting on the implications of these 
results for the neuronal models of conditioning that have been 
developed to account for Pavlovian conditioning in Aplysia. 
These models are, for the most part, derived from the results 
of experiments using as the CS mild, punctate stimulation of 
sensory neurons of either the tail (Walters and Byrne, 1983) or 
the siphon (Hawkins et al., 1983; Hawkins and Kandel, 1984) 
and using noxious electric shock to the tail as the US. One of 
the most striking features of such models is their reliance on 
strict temporal contiguity between the CS and the US in order 
to obtain associative effects. Briefly, it is assumed that the cas- 
cade of biochemical and molecular events triggered by the US 
is rendered more effective if it is shortly preceded by spike 
activity in the sensory neuron activated by presentation of the 
CS. This mechanism of activity-dependent neuromodulation 
(Walters and Byrne, 1983) or activity-dependent amplification 
of presynaptic facilitation (Hawkins et al., 1983) requires that 
presentation of the CS produce some activation of its sensory 
neuron(s). Because our studies on contextual conditioning have 
shown that associations can be formed between a US and static 
cues that are continuously present, they raise the possibility that 
different cellular mechanisms may be involved in different as- 
sociative learning paradigms. To preserve the present cellular 
models, it would have to be argued that continuous exposure 
to the contextual stimuli does not result in complete habituation 
to those stimuli. Consequently, the context sensory neurons 
would display spike activity prior to US presentations, thus 
allowing operation of the mechanism of activity-dependent en- 
hancement. However, an interesting problem arises even if we 
are to grant the context sensory neurons this unusual property. 
Although one could now obtain conditioning with a mechanism 
of activity-dependent enhancement, the context-US association 
should undergo extinction during the periods of extended non- 
reinforcement when the US is absent. This problem highlights 
the need for an adequate theory of extinction. Of course, the 
physiological mechanism underlying context-US learning need 
not be the same as that identified for discrete CS-US learning. 
However, the behavioral data have indicated some similarity 
between the rules that govern the formation of CS-US associ- 
ations and those that apply to context-US learning (see Balsam 
and Tomie, 1985). It would be attractive to find a similar parallel 
at the neurophysiological level. 
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